Introduction {#S0001}
============

Globally, cholangiocarcinoma is the second most common primary hepatobiliary malignancy after hepatocellular carcinoma, accounting for 10--15% of the incidence of hepatobiliary tumors.[@CIT0001]--[@CIT0003] It is reported that the overall incidence of cholangiocarcinoma has gradually increased worldwide in recent decades, especially has the highest incidence in Southeast Asia.[@CIT0004],[@CIT0005] Cholangiocarcinoma is an aggressive tumor with no obvious clinical manifestations in the early stages, and most patients have advanced disease at the time of diagnosis.[@CIT0006],[@CIT0007] In addition, it is difficult to get into the anatomical location of cholangiocarcinoma, which poses a great challenge to the treatment of cholangiocarcinoma.[@CIT0006] Surgical treatment is the preferred treatment for cholangiocarcinoma, but it is effective only in the early-stage disease, and cholangiocarcinoma is not sensitive to chemotherapy.[@CIT0007],[@CIT0008] What is worse, the recurrence rate of cholangiocarcinoma patients is 50% within 2 years after surgery.[@CIT0009] In addition, more than two-thirds of patients are unable to undergo surgery, and the 5-year survival rate for cholangiocarcinoma is approximately 5--15%.[@CIT0010] The invasiveness and metastasis of cholangiocarcinoma seriously affect the survival of patients. Therefore, it is urgent to investigate the detailed pathogenesis of cholangiocarcinoma in order to identify novel therapeutic targets for cholangiocarcinoma treatment.

Degradation of proteins within cells is an extremely complex and highly ordered process, which is mainly accomplished by the ubiquitin system. Ubiquitination which promotes protein degradation is known to play key roles in controlling protein abundance to maintain normal cellular processes, including cell cycle, proliferation, apoptosis, differentiation, metastasis, signal transduction, and inflammatory immunity.[@CIT0011]--[@CIT0014] Abnormal ubiquitin metabolic pathway can lead to many diseases, including cancer, which is caused by the acceleration or slowdown of the degradation of disease-related proteins as substrates in ubiquitin degradation pathway.[@CIT0013],[@CIT0014] It is generally known that ubiquitination is a reversible post-translational modification, which is regulated by ubiquitin ligases and deubiquitinases (DUBs).[@CIT0015] DUBs function to hydrolyze ubiquitin from the ubiquitinated substrates, and the ubiquitin-specific proteases (USPs) are identified to be the largest DUBs subfamily in humans.[@CIT0016] Increasing studies have revealed that USPs is correlated with tumorigenesis and cancer progression.[@CIT0017]--[@CIT0020]

Ubiquitin-specific protease 8 (USP8), also known as UBPY, is a member of USPs family and functions in endosomal sorting of proteins.[@CIT0021] It has been revealed the critical role of USP8 in some diseases, such as Cushing's disease.[@CIT0022] Recently, emerging evidences show that USP8 is also involved in tumor progression.[@CIT0023],[@CIT0024] Byun et al find that downregulation of USP8 could selectively inhibit the viability of gefitinib-resistant non-small cell lung cancer (NSCLC) cells and promote apoptosis, suggesting that USP8 may function as a potential drug target for gefitinib-resistant NSCLC.[@CIT0024] Yan et al report that USP8 is upregulated in cervical squamous cell carcinoma tissues, which promotes cell proliferation and invasion and is related to poor prognosis.[@CIT0023] However, USP8 is revealed to be downregulated in breast cancer cells, and its high expression is associated with better prognosis of patients.[@CIT0025] It seems that the precise roles of USP8 may depend on the difference in tissue location. However, whether UPS8 is implicated in the progression of cholangiocarcinoma is still poorly understood. Therefore, we investigated the biological role of USP8 in cholangiocarcinoma. Our data demonstrate that USP8 functions an oncogenic role in the growth and invasion of cholangiocarcinoma cells, indicating that USP8 may act as a potential therapeutic target for cholangiocarcinoma treatment.

Materials and Methods {#S0002}
=====================

Cell Culture and Transfection {#S0002-S2001}
-----------------------------

The human cholangiocarcinoma cell lines QBC939, RBEandHucct-1 obtained from Cell Bank of Type Culture of the Chinese Academy of Sciences (Shanghai, China) were cultured with RPMI-1640 medium (Hyclone, Logan, UT, USA) supplemented with 10%FBS and penicillin/streptomycin at 37°C with 5% CO~2~. After entering the logarithmic growth phase, cells were washed 3 times with PBS, digested with trypsin and planted into a 6-well plate. When the cell density in the well plate reached 50--60% confluence, the cells were transfected with siRNAs (50nM) using Lipofectamine 2000 (Invitrogen, USA). The siRNA targeting USP8 (si-USP8) was synthesized by OriGene (Beijing, China), and siRNA Negative Control (OriGene) was used as negative control (si-NC). The siRNA-USP8 sequences were 5ʹ-CCAAAGAGAAAGGAGCAAT-3ʹ (529--548). The pcDNA3.1-USP8 expressing vector was obtained from Ribobio (Guangzhou, China) and transfected into Hucct-1 cells using Lipofectamine 2000. IGF-1 was obtained from Abcam (Cambridge, UK) and cells were treated with IGF-1 (200 ng/mL) for 24 h.

qRT-PCR Analysis {#S0002-S2002}
----------------

Following being transfected with siRNAs for 24 h, total RNA was extracted from cells using an Ultrapure RNA Kit (CWBIO, Beijing, China) and reverse transcripted into cDNA by the HiFiScript cDNA Synthesis Kit (CWBIO). qRT-PCRs were performed using FastSYBR Mixture (CWBIO) to examine the expression of USP8. The reactions were as follows: 95°C for 5 min, 95°C for 30 s, 40 cycles, 60°C for 45 s, 72°C for 30 min. The 2^−ΔΔCt^ method was used to calculate the relative expression of USP8. The primers used in this study were synthesized by GENEWIZ (Suzhou, China): β-actin forward: 5ʹ-CCCGAGCCGTGTTTCCT-3ʹ, reverse: 5ʹ-GTCCCAGTTGGTGACGATGC-3ʹ; USP8 forward: 5ʹ- CTGCTGTGGCTTCAGTTCCT-3ʹ, reverse: 5ʹ- GGAAATAATCCTGCTGTTGCTTGA-3ʹ.

Western Blot Analysis {#S0002-S2003}
---------------------

Cells transfected with siRNAs for 48 h were lysed with RIPA lysate (CWBIO) to extract protein, and the concentration of proteins was determined using the BCA assay (CWBIO). Twenty micrograms of proteins were separated by 10% SDS PAGE gel and electrotransferred to polyvinylidene fluoride membranes (PVDF; Millipore, Billerica, MA, USA). The membranes were blocked with 5% non-fat milk at room temperature for 1 h and then incubated with primary antibodies (1:1000; Proteintech, USA) overnight at 4°C. Following washing with TBST, the membranes were then with HRP-conjugated secondary antibodies (1:5000; Proteintech) at room temperature for 1 h. The protein bands were visualized using an ECL kit (Millipore) and quantified using the Image Lab software (Bio-Rad, USA).

CCK8 Assay {#S0002-S2004}
----------

CCK8 assay was performed to examine cell proliferation when USP8 was knocked down. Cells transfected with siRNAs for 24 h were digested by trypsinase and seeded in a 96-well plate at a density of 3000 cells/well. Cell viability was measured at 0, 24, 48 and 72 h, respectively. Before detection, 10 μL of CCK8 reagent (Solarbio, Beijing, China) was added to each well, and cells were incubated at 37°C for 1 h. The absorbance at 450 nm was detected by a microplate reader.

Colony Formation Assay {#S0002-S2005}
----------------------

Colony formation assay was performed to evaluate the clonogenic ability of QBC939 and RBE cells when USP8 was silenced. Following 24 h of transfection, cells were digested and planted in 35mm dishes (300 cells/dish). After being cultured with RPMI-1640 medium at 37°C for 1--2 weeks, cells were fixed with 4%paraformaldehyde for 30 min and stained with 0.1% crystal violet for another 30 min. The visible colonies were counted and captured.

Transwell Assay {#S0002-S2006}
---------------

Transwell chambers (8μm pore size; Millipore) were performed for cell migration and invasion assays, while chambers coated with Matrigel were needed for invasion. Cells (1 × 10^5^ cells) after 24 h of transfection were planted into the upper chamber, and the lower chambers were filled with 500 μL of medium containing 10% FBS. Following incubation at 37°C for 24 h, the migrated or invaded cells were fixed with 4% paraformaldehyde for 30 min and stained with 0.1% crystal violet for another 20 min.

Gelatin Zymogram Assay {#S0002-S2007}
----------------------

Cholangiocarcinoma cells QBC939 and RBE transfected with siRNAs for 24 h were cultured in serum-free medium at 37°C for 24 h. The supernatant was collected and separated by 10% SDS-PAGE gel containing with 0.5mg/mL gelatin. After electrophoresis, the gel was eluted, stained with 0.25% Coomassie Brilliant Blue R250 for 4 h at room temperature. Then, the gel was scanned by the Image Scanner (Ahmad Sohm, USA) and analyzed by IMAGISOANT TL V2003 software after being decolorized.

Flow Cytometry {#S0002-S2008}
--------------

After 24 h of transfection, the cells were cultured in serum-free medium for 24 h. Cells were washed with PBS and centrifuged at 4°C. The cells were resuspended with binding buffer to adjust the cell density to 1--5 × 10^6^/mL. One hundred microliters of cell suspension was stained with 5 μL Annexin V/FITC (Beyotime, Beijing, China) at room temperature for 5 min in dark and stained with 10 μL PI (Beyotime) for 5 min. A flow cytometer was performed to detected cell apoptosis, and the Flowjo software was used to analyze the results.

Statistical Analysis {#S0002-S2009}
--------------------

Data are presented as mean ± SD of at least triplicate independent experiments and analyzed using GraphPad software 7.0 (GraphPad Inc., USA). Student's *t*-test or one-way ANOVA followed by the LSD post hoc test was conducted to compare the differences between groups. P \<0.05 indicates a statistically significant difference.

Results {#S0003}
=======

USP8 Regulates Proliferation of Cholangiocarcinoma Cells {#S0003-S2001}
--------------------------------------------------------

To investigate the biological function of USP8 in the progression of cholangiocarcinoma, QBC939 and QBE cells were transfected with siRNA targeting USP8 (si-USP8), siRNA-control was used as negative control (si-NC); Hucct-1 cells were transfected with pcDNA3.1-USP8 (USP8-OE), and a blank vector was used as negative control (NC-OE). As shown in [Figure 1A](#F0001){ref-type="fig"}--[C](#F0001){ref-type="fig"}, the expression of USP8 was markedly decreased in si-USP8-transfected cells compared with control cells at both mRNA and protein levels, and USP8 expression was markedly up-regulated in Hucct-1 cells transfected with pcDNA3.1-USP8. CCK8 assay was carried out to assess the effect of USP8 on cell proliferation. The outcomes showed that silencing of USP8 significantly inhibited the proliferation of QBC939 cells in comparison with control cells ([Figure 1D](#F0001){ref-type="fig"}). Similar inhibitory effect caused by si-USP8 on cell proliferation was also observed in RBE cells ([Figure 1E](#F0001){ref-type="fig"}). Consistently, upregulation of USP8 significantly enhanced the viability of Hucct-1 cells ([Figure 1F](#F0001){ref-type="fig"}). Consistent with the CCK8 results, the colony formation outcomes were also evident. As shown in [Figure 1G](#F0001){ref-type="fig"}, knockdown of USP8 resulted in significant decrease in the number of formed colonies in both QBC939 and QBE cells, indicating that down-regulation of USP8 inhibits clonogenic ability of cholangiocarcinoma cells. As indicated in [Figure 1H](#F0001){ref-type="fig"}, the clonogenic ability of Hucct-1 cells was significantly promoted by USP8 overexpression.Figure 1USP8 regulates the growth of cholangiocarcinoma cells. Cholangiocarcinoma cell lines QBC939 and RBE were transfected with siRNA-USP8 to down-regulate its expression, and siRNA negative control was used as negative control group (si-NC); Hucct-1 cells were transfected with pcDNA3.1-USP8 (USP8-OE) to up-regulate its expression, and pcDNA3.1 vector was used as negative control (NC-OE). (**A**) RT-PCR assay was used to examine the relative expression of USP8 mRNA in QBC939 and RBE cells transfected with siRNAs for 24h. \*P\<0.05, \*\*P\<0.01 by Student's *t*-test vs negative control; n = 3. (**B**) Expression of USP8 mRNA in Hucct-1 cells after transfected withpcDNA3.1-USP8. \*\*P\<0.01by Student's *t*-test vs negative control; n = 3. (**C**) The protein expression of USP8 was detected using Western blot analysis. \*P\<0.05, \*\*P\<0.01by Student's *t*-test vs negative control; n = 3. (**D**--**E**) CCK8 assay was performed to assess QBC939 (**D**), RBE (**E**) and Hucct-1 (**F**) cells proliferation after indicated treatment. \*P\<0.05 by Student's *t*-test vs negative control; n = 3. (**G** and **H**) Colony formation assay was used to examine the clonogenic ability of cholangiocarcinoma cells. \*\*P\<0.01by Student's *t*-test vs negative control; n = 3.

Down-Regulation of USP8 Inhibits Migration and Invasion Abilities of Cholangiocarcinoma Cells {#S0003-S2002}
---------------------------------------------------------------------------------------------

To get a preliminary understanding of the impact of USP8 on cholangiocarcinoma metastasis, a transwell assay was performed. As shown in [Figure 2A](#F0002){ref-type="fig"}, the number of migrating QBC939 and QBE cells was both significantly reduced by si-USP8 compared with the corresponding control cells. Moreover, the invasion assay demonstrated that decrease in USP8 expression inhibited the invasion abilities of both QBC939 and QBE cells ([Figure 2B](#F0002){ref-type="fig"}). However, USP8 overexpression significantly enhanced both migration and invasion abilities of Hucct-1 cells ([Figure 2C](#F0002){ref-type="fig"}).Figure 2USP8 regulates the migration and invasion abilities of cholangiocarcinoma cells. (**A** and **B**) Following transfection of 24 h, Transwell assays were performed to assess the migration (**A**) and invasion (**B**) of QBC939 and RBE cells. \*P\<0.05by Student's *t*-test vs negative control; n = 3. (**C**) Hucct-1 cells migration and invasion were assessed by Transwell assay. \*P\<0.05 by Student's *t*-test vs negative control; n = 3. (**D**) The MMP9 activity was examined using gelatin zymogram assay when USP8 was knocked down. \*P\<0.05 by Student's *t*-test vs negative control; n = 3.

It is generally known that MMP9 plays critical role in cell adhesion, tumor invasion and metastasis. Hence, we examined the MMP9 activity in cholangiocarcinoma cells after USP8 was silenced. Gelatin zymography analysis showed that knockdown of USP8 significantly inhibited the MMP9 activity in both QBC939 and QBE cells ([Figure 2D](#F0002){ref-type="fig"}). Collectively, down-regulation of USP8 may inhibit migration and invasion of cholangiocarcinoma cells by decreasing MMP9 activity.

Silencing of USP8 Promotes Apoptosis in Cholangiocarcinoma Cells {#S0003-S2003}
----------------------------------------------------------------

To investigate whether USP8 affects apoptosis in cholangiocarcinoma cells, flow cytometry assay was carried out. As demonstrated in [Figure 3A](#F0003){ref-type="fig"}, the percentage of apoptotic cells in QBC939 and QBE cells transfected with si-USP8 was sharply increased compared to the control group. The expression of apoptosis-related proteins was further examined by Western blot to understand the mechanism underlying the induced apoptosis. As shown in [Figure 3B](#F0003){ref-type="fig"}, the expression of anti-apoptotic protein Bcl-2 was significantly down-regulated by si-USP8 in QBC939 and QBE cells, while the expression of pro-apoptotic proteins Bax, cleaved Caspase 3 and cleaved Caspase 9 was up-regulated by knockdown of USP8 in comparison with the control group. However, up-regulation of USP8 significantly inhibited the percentage of apoptotic Hucct-1 cells ([Figure 3C](#F0003){ref-type="fig"}), up-regulated the expression of Bcl-2 and down-regulated the expression of Bax, cleaved Caspase 3 and cleaved Caspase 9 ([Figure 3D](#F0003){ref-type="fig"}). Taken together, these results indicate that USP8 may regulate apoptosis in cholangiocarcinoma cells through regulation of the Bcl-2/Bax axis and Caspase cascade.Figure 3USP8 regulates apoptosis in cholangiocarcinoma cells. (**A**) Apoptosis in QBC939 and RBE cells transfected with siRNAs was examined using Flow cytometry assay. \*P\<0.05 by Student's *t*-test vs negative control; n = 3. (**B**) After being transfected with siRNAs for 48 h, the expression of apoptosis-related proteins Bcl-2. Bax, cleaved Caspase 3 and cleaved Caspase 9 was examined using Western blot analysis. \*P\<0.05 by Student's *t*-test vs negative control; n = 3. (**C**) Cell apoptosis of Hucct-1 cells was examined using Flow cytometry assay. \*P\<0.05 by Student's *t*-test vs negative control; n = 3. (**D**) Expression of apoptosis-related proteins in Hucct-1 cells after indicated treatment.

Knockdown of USP8 Suppresses Activation of the Akt Signaling Pathway in Cholangiocarcinoma Cells {#S0003-S2004}
------------------------------------------------------------------------------------------------

To determine whether UPS8 affects the Akt signaling pathway which plays critical roles in cellular physiological function and tumor progression, Western blot analysis was conducted. As presented in [Figure 4A](#F0004){ref-type="fig"}--[C](#F0004){ref-type="fig"}, downregulation of UPS8 resulted in significant decreased phosphorylation level of Akt (p-Akt) in QBC939 and RBE cells, while the expression of total Akt was not affected. Accordingly, the expression of downstream proteins Cyclin D1 and p70S6k was significantly downregulated by loss of USP8 in cholangiocarcinoma cells ([Figure 4A](#F0004){ref-type="fig"}--[C](#F0004){ref-type="fig"}). In Hucct-1 cells, the expression of p-Akt, Cyclin D1 and p70S6k was up-regulated by USP8 overexpression compared to the control group ([Figure 4D](#F0004){ref-type="fig"}). Moreover, IGF-1, the Akt pathway activator, significantly reversed the inhibitory effects of USP8 knockdown on the expression of p-Akt, Cyclin D1 and p70S6k ([Figure 4E](#F0004){ref-type="fig"}). Further, the inhibitory effect of si-USP8 on cell proliferation was significantly reversed by IGF-1 compared to the si-USP8 group ([Figure 4G](#F0004){ref-type="fig"} and [H](#F0004){ref-type="fig"}). Thus, these data indicated that the Akt signaling pathway is involved in the oncogenic role of USP8 in the progression of cholangiocarcinoma. Additionally, we also found that the expression of p53, the key tumor suppressor, was significantly up-regulated after USP8 was silenced in QBC939 and RBE cells ([Figure 4F](#F0004){ref-type="fig"}).Figure 4Knockdown of USP8 inhibits activation of the Akt signaling pathway in cholangiocarcinoma cells. (**A**) After transfection of 48 h, the expression of key components of the Akt signaling pathway in QBC939 and RBE cells was examined using Western blot analysis. (**B** and **C**) Quantitative analysis of the results of Western blot analysis in QBC939 (**B**) and RBE cells (**C**). \*P\<0.05 by Student's *t*-test vs negative control; n = 3. (**D**) Expression of the Akt signaling pathway-related proteins in Hucct-1 cells after indicated treatment. (**E**) Expression of the Akt signaling pathway-related proteins in QBC939 and RBE cells after indicated treatment. (**F**) Expression of p53 in QBC939 and RBE cells after USP8 was silenced. (**G** and **H**) CCK8 assay was used to assess the proliferation of QBC939 and RBE cells after indicated treatment.\*P\< 0.05 by ANOVA vs negative control; ^Δ^P\< 0.05 by ANOVA vs USP8-silenced group; n = 3.

Discussion {#S0004}
==========

Invasion and metastasis of tumor cells are the main characteristics of malignant phenotype of tumors, and important factors affecting the prognosis of cancer patients. In addition, high recurrence rate is also a key factor affecting the prognosis of patients with cholangiocarcinoma. Therefore, inhibiting the metastatic activity of cholangiocarcinoma cells is one of the important therapeutic strategies for cholangiocarcinoma.

As mentioned above, as a member of the USP family, the largest deubiquitinase family, USP8 has been proved to be involved in the development of various tumors, including breast cancer,[@CIT0025] lung cancer[@CIT0024],[@CIT0026] and cervical squamous cell carcinoma.[@CIT0023] USP8 is revealed to play an oncogenic role in lung cancer and cervical squamous cell carcinoma, and its high expression related to poor prognosis,[@CIT0023],[@CIT0026] whereas USP8 is reported to might predict better survivals of breast cancer patients,[@CIT0025] these results suggest the different roles of USP8 in different tumors. In the present study, for the first time, we demonstrated that knockdown of USP8 significantly inhibited the proliferation, migration and invasion of cholangiocarcinoma cells, and decreased the MMP9 activity, while USP8 overexpression showed significant promoting effects, suggesting that USP8 functions as an oncogene in the growth and metastatic ability of cholangiocarcinoma.

Evading programmed death is one of the main features of tumor cells. Therefore, promoting tumor cell apoptosis may be an effective method to inhibit tumor growth. Jeong et al show that USP8 prevents extrinsic apoptosis by deubiquitylating and stabilizing the long isoform of FLICE-like inhibitory protein (FLIP~L~) which is a key regulator of death receptor-mediated apoptosis, and knockdown of USP8 could promote death receptor-induced apoptosis through downregulation of FLIP~L~ and result in up-regulation of cleaved Caspase 8 and cleaved Caspase 3 in HeLa cells.[@CIT0027] Herein, we found that silencing of USP8 could induce apoptosis in cholangiocarcinoma cells, down-regulate the expression of Bcl-2, and up-regulate the expression of Bax, cleaved Caspase 3 and cleaved Caspase 9. As well known, Bcl-2/Bax and Caspase 9 are critical regulators involved intrinsic apoptosis pathway, and Caspase 3 is the key executioner in a series of apoptotic events.[@CIT0028] Collectively, USP8 regulates apoptosis in cholangiocarcinoma through regulating the intrinsic apoptosis pathway, and the effect of USP8 on extrinsic apoptosis will be further explored in the future.

It has been revealed that USP8 can modulate intracellular transport of epidermal growth factor receptor (EGFR) and regulate its recycling through deubiquitination to regulate the stabilization of EGFR.[@CIT0029] Kim et al show that USP8 is over-expressed in lung adenocarcinomas, mutually correlated with overexpression of EGFR, and regulates the expression and half-life of EGFR.[@CIT0026] As generally known, EGFR is frequently dysregulated in multiple tumor types and plays a critical role in tumor progression.[@CIT0030] Therefore, the stabilization of EGFR signaling pathway may be involved in the tumor-promoting effect of USP8. Moreover, Panner et al report that USP8 is a downstream target of Akt, and the expression level of USP8 is negatively correlated with p-Akt level in glioblastoma multiforme xenografts.[@CIT0031] It has been widely known that the Akt signaling pathway plays critical roles in regulation of various cellular physiologies, as well as tumorigenesis and cancer development.[@CIT0032] The Akt signaling pathway is therefore considered a major target for cancer research.[@CIT0033] Herein, our data revealed that silencing of USP8 could markedly inhibit activation of the Akt signaling pathway by decreasing the phosphorylation of Akt in cholangiocarcinoma cells. Moreover, the inhibitory effects of USP8 knockdown on the Akt signaling pathway and cell proliferationwerereversed by IGF-1. Collectively, there may be a degenerative feedback loop of USP8-Akt ([Figure 5](#F0005){ref-type="fig"}), and the Akt signaling pathway may be involved in the tumor-promoting effects of USP8 in cholangiocarcinoma.Figure 5The model of USP8 in the progression of cholangiocarcinoma cells.

Conclusion {#S0005}
==========

In this study, we for the first time demonstrated that USP8 exerts an oncogenic role in the progression of cholangiocarcinoma, decrease in USP8 expression can significantly inhibit cell proliferation, migration and invasion, as well as promote apoptosis in cholangiocarcinoma cells. These findings suggest that USP8 might be a potential target for therapy of cholangiocarcinoma.
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